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PID control is still the most widely used control strategy in the actual industrial
process control, while lots of advanced control strategies emerge in endlessly. More
than 95% of the controller being used is PID controller in the actual industrial process.
The PID controller parameters tuning is directly related to the performance of control
system. Many scholars at home or abroad design optimal PID controller parameter-
s base on the nominal model of control system, and usually do not consider physical
constraints in the actual control system. However, in actual control system, the para-
metric uncertainty and physical constraints always exist. And the variance performance
of control system is directly related to economic profit. Therefore, It is meaningful to
take parametric uncertainties and control input saturation constraint into consideration
while tuning the parameters of PID controller based on the minimum variance perfor-
mance index.
For PID controller parameters optimization design in parametric uncertain sys-
tems, the objective function for optimization is transformed into expectation of the
variance performance in the parametric uncertainty bound. While the expectation of
the variance performance involves complicated multiple integral calculation. Thus we
introduce randomized algorithms. Utilize the so-called empirical mean of the variance
to replace the expectation as the objective function for optimization. The controller
parameters designed by optimizing the empirical mean will close to that designed by
optimizing expectation with the prior given accuracy and confidence level. Finally, a
probabilistic performance verification is done for the optimal designed PID controller.
As for input situation constraint, it is hard to get the analytical function between
the variance performance and the PID parameters. So the parameter optimization can’t
not be conducted. The minimum variance control problem under input saturation con-
straint has been solved by Goodwin. Its structure is similar to a kind of predictive PID
controller. Base on the work of Goodwin, we propose an improved version of predictive
PID controller to approach the performance of the constrained minimum variance con-
troller. Finally, simulation results prove that the constrained predictive PID controller
performs much well than the conventional minimum variance-based PID controller sub-
ject to input saturation constraint.
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